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POST GRA.DUATE EDUCATION I N  NAVAL 
ENGINEERING. 
BY LIEUTENANT COMMANDER JOHN HALLIGAN, JR., U. S. N., 
MEMBER. 
The midshipman enters the U. S. Naval Academy at an 
average age of about 18 years. H e  has had as a rule the  
equivalent of a high-school education. During his four years 
at Annapolis he is prepared for the manifold duties of a naval 
officer, there being no attempt at specialization. The ground 
covered in the undergraduate course is necessarily extensive. 
In addition to this engineering training the graduate midship- 
man must be proficient in Navigation and. well grounded in 
Gunnery, Seamanship, Naval Tactics, Military Tactics, Inter- 
national and Military Law, and in French and Spanish. 
Engineering training is emphasized ; by means of text books, 
revised from year to year, and well-equipped shops and labora- 
tories, supplemented by practical work on board ship during th: 
summer cruises, the midshipman is acquainted with the ma- 
chines and appliances to be found on shipboard and with their 
method of operation. The hours assigned in the under- 
graduate course to subjects which pertain to naval engineering 
are as follows: 
ReC. Shop and Prep’ Laboratorv. 
Marine engineering and naval construction.. .. 442 589 138 
Mathematics and mechanics ................ 459 612 ... 
Ordnance ......................... , ......... 153 204 81 
Total for four years ........................ 1,394 1,858 235 
Average per week ......................... 10.25 17.19 1.75 
Electrical engineering, physics and chkrnistry. . 340 453 16 
- -  - 
The scope of the engineering field with which the graduate 
midshipman must have some familiarity is so extensive that 
the undergraduate course is necessarily descriptive in its nature, 
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and time is not available for much fundamental theory. Even 
if time were available, it would probably be found unprofitable 
to give much instruction in theory at this early stage of the 
naval engineer’s education. A better appreciation of theory 
comes after some experience has been had with its application. 
The young officer leaving Annapolis finds that his work lies 
largely with one or more of the various phases of naval 
engineering for 20 to 25 years until he obtains command rank. 
When as head of a department on board ship, as an inspector 
at a ship yard, as repair officer at a navy yard, or as a member 
of a technical bureau, he reaches a position of responsibility in 
connection with the operation, construction, repair or design 
of engineering material, the inadequacy of his undergraduate 
training becomes apparent. The function of the Post Graduate 
Department is to supply this deficiency in engineering education 
and training. 
SCOPE OF THE FIELD OF NAVAL ENGINEERING. 
The technical duties in the various phases of naval engineer- 
ing for which post graduate education is required are:  
Hull Engineering (naval construction) .-The designing, 
building, fitting and repairing of hulls of ships, capstans, wind- 
lasses, steering gear and ventilating apparatus ; the designing, 
construction and installation of certain ammunition hoists ; the 
placing and securing of armor ; the designing and installation 
of supports for everything attached to the hull of the ship, in- 
cluding armament and propelling machinery, electric turret- 
turning machinery, boat cranes, deck winches ; the docking of 
ships. 
Ordnance Engineering.-The designing, manufacture, pur- 
chasing and inspecting of guns and gun mounts, ammunition 
hoists, rammers, gun sights and telescopes, periscopes and other 
optical instruments, smokless powder, gun cotton and other 
high explosives, torpedoes and mines, torpedo tubes, air com- 
pressors, armor, projectiles, small arms and infantry equip- 
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The management of the Naval Gun Factory, the Naval 
Proving Ground, the Naval Smokeless-Powder Factory, and 
various naval magazines. 
Electrical Engiwering.-At sea.-As electrical officers on 
shipboard, the operation and maintenance of all electric ma- 
chinery, from the switchboard. 
On shore.-The designing, purchasing and inspecting of all 
electric machinery and appliances except turret-turning motors, 
ammunition-hoist motors, boat cranes and deck winches. 
Radio Engineering.-At sea.-As radio officers on staffs of 
commanders-in-chief, squadron and flotilla commanders ; de- 
velopment and control of radio communication and main- 
tenance of apparatus. 
On shore.-Designing, inspecting, fitting and repairing of 
radio installations. The administration of the naval radio 
service. 
Mmrine Engineering.-A t sea.-As chief engineers or as- 
sistant engineers, the operating, maintenance and repair of 
motive and auxiliary machinery. 
On shore.-The designing, building, purchase, inspecting 
and repairing of propelling machinery, boilers, engines, pumps, 
distilling apparatus, refrigerating apparatus, dynamo engines. 
The  management of the Engineering Experiment Station and 
of the Fuel-Oil Testing Plant. 
Civil Engineering.-The designing and constructing of 
buildings and their permanent fixtures at navy yards and naval 
stations ; harbor works ; waterfront improvements ; graving 
docks and floating docks ; power plants ; roads, streets, tracks ; 
hoisting appliances, cranes, derricks ; transporation equipment ; 
steam shovels, dredges and pile drivers ; fire apparatus. 
HISTORY OF NAVAL POST GRADUATE: EDUCATION. 
For  nearly thirty years naval constructors have been given 
post graduate courses, generally of three years, a t  technical 
schools in England, France and Scotland, and more recently 
I5 
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at the Massachusetts Institute of Technology. The Bureau of 
Ordnance has, since about 1905, instructed from three to five 
men annually for periods of one or two years at  the steel 
plants, the Naval Gun Factory, and the Naval Proving Ground. 
Until within the past few years the naval civil engineers 
were appointed from civil life. They were, of course, gradu- 
ates in civil engineering. 
The necessity for post graduate instruction in electrical 
and in marine engineering has been recognized sporadically 
during the past three decades, but the demand for it has not 
been insistent except during the past fifteen years. 
Prior to 1900 naval propelling machinery was well standard- 
ized. The reciprocating steam engine was the only prime 
mover above the horizon. The undergraduate education at 
Annapolis, supplemented by training at  sea, sufficed for the 
comparatively simple demands on engineer officers. 
At present we are employing seven distinctly different types 
of propelling machinery ; these are : Reciprocating stearn 
engine ; Parsons turbine, direct drive ; Curtis turbine, direct 
drive ; electric propulsion ; turbines with mechanical reduction 
gear : Diesel engines ; gasoline engines. 
Producer-gas plants, hydraulic reduction gear, and comhi- 
nations of the foregoing types have been seriously considered 
for naval use. 
During this same period the electrical installations on ship- 
board have developed from insignificant to important dimen- 
sions. 
To prepare the engineer officer to cope with and to assist 
in the rapid development of naval machinery, there is now 
required a thorough training in the fundamental theory of 
thermodynamics, machine design, strength of materials, metal- 
lurgy, electricity, applied mechanics and engineering mathe- 
matics. 
I t  is important that in the post graduate work fundamental 
theory be emphasized, because {this is the naval officer’s only 
opportunity to acquire theory. During the greater part of his 
active career he will be associated with engineering practice. 
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ORIGIN OF PRESENT POST GRADUATE DEPARTMENT. 
About 12 years ago a class in marine engineering, consist- 
ing of about 6 students, was organized in the Bureau of Steam 
Engineering. These men remained in the Bureau pursuing 
a course of reading under the guidance of an officer attached 
to the Bureau. They accompanied the Trial Board on ac- 
ceptance trials of new ships, taking performance data of the 
machinery. In 1909, a School of Marine Engineering was 
established a t  the Naval Academy with a class of 10 men with 
experience of from 4 to 11 years since graduation. The course 
then established was one of two years' duration, and consisted 
of discretional reading by the student under the guidance of 
the head of the department, a tour on the Bureau of Steam 
Engineering trips during the summer to manufacturing plants. 
Each student was allowed to choose a specialty under engineer- 
ing, ar?d a technical library was accumulated with the idea 
of affording him access to all that had been written on the 
subject of his specialty. 
The students found that they were hampered in their read- 
ing by the inadequacy of their education in mathematics, 
mechanics and thermodynamics. Notwithstanding this handi- 
cap much good was accomplished in thus directing the atten- 
tion of selected men to engineering. The subsequent engineer- 
ing service of this and succeeding classes has been so con- 
spicuously valuable as definitely to establish the importance of 
post graduate education. 
To meet the demand for training in fundamental theory a 
system of lectures was introduced into the course. The 
services of distinguished engineers and educators were ob- 
tained, some of whom delivered series of lectures extending 
over periods as long as four months. These lectures were 
excellent in character, and certain of them have been published 
and afford valuable ctntributions to engineering literature. An 
effort was made to direct the reading of the students to the 
end that they would prepare themselves for the subjects 
covered by the lecturers. In many cases, however, it was 
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found that this preparation was futile, in that there’was 
insufficient control of the treatment of subjects by the lecturer, 
and the students found that the subject of the lecture was not 
that for which they had prepared themselves. I t  was natural, 
therefore, in the evolution of the school, that there should be 
established resident professors with a definite schedule of lec- 
tures, laboratory work,and preparation. 
In  1912 the title of the school was changed from “ School of 
Marine Engineering” f. “ Post Graduate Department, U. S. 
Naval Academy,” and its field was enlarged to include the 
directing of the post graduate work of the naval constructors, 
ordnance, electrical, radio and civil engineers. 
In  the course of development of the Post Graduate Depart- 
inent there has been much discussion and diversity of opinion 
a s  to where it might best be located and as to the extent to 
which the facilities of colleges and universities should be used. 
The predominant service opinion at present is that the head- 
quarters should be at  Annapolis, and that after one year’s work 
here the men should be sent to universities not under naval 
control, for the purpose of broadening their viewpoint by 
contact with civilians. It seems important to maintain the 
first part of the course under the direct control of naval of- 
ficers, in order to permit close observation of the students with 
a view to determining their fitness for subsequent post graduate 
training, and because in the beginning it is important to in- 
doctrinate them as to their future work. Other considerations 
are the availability of the well-equipped laboratories of the 
Naval Academy, and the proximity of the Naval Engineering 
Experiment Station. 
The present direction of development of the Post Graduate 
Department is toward providing in the first year a t  Annapolis 
common courses of high efficiency for all groups in the funda- 
mentals of engineering. 
Courses which seem thus commonly to be required are:  
Mathematics, mechanics, and applied mechanics ; electricity ; 
heat engineering; machine design ; strength of materials ; 
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metallurgy, includifig the chemistry of steels and bronzes, and 
metallography ; engineering laboratory ; electrical laboratory. 
With the exception of metallurgy, all the foregoing courses 
have been established. 
T H E  PRESENT SCHOOL. 
The Post Graduate Department, under Article 1,543, U. s. 
Naval Regulations, offers special training along the following 
lines : 
Hull engineering (naval construction), general. 
Ordnance engineering, general and 
(a) Gun Design, 
(b)  Optics, 
(c) Explosives, 
( d )  Metallurgy. 
ElectricaI engineering, general. 
Radio engineering. 
Marine Engineering, general, and 
(a)  Design, 
(b)  Shop Practices, 
( c )  Metallurgy, 
( d )  High-speed internal-combustion motors for aero- 
(e) Diesel engines, with their application to submarines. 
Civil engineering. 
The location of the training of the various groups is given 
planes, I 
in Table I. 
TABLE I. 
Courses. At Annapolis. Subsequent Training. 
Naval Construction ... 7 rnos., Peb. toSept ... z years at Mass. Ins. of Tech. 
Ordnance ....... ......... 4 mos., Oct. to Peb .... 6 mos., Naval Proving Ground. 
leading to degree of M. S. 
4 mos., Steel Plant. 
4 mos., Naval Gun Factory. 
I mo., Bausch & Lomb, Roches- 
I mo., Sperry Gyroscope Co., 
4 mos., additional specializing 
ter, N. Y .  
Brooklyn, N. Y. 
at one of the foregoing. 
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Courses. At Annapolis. Subsequent Training. 
Electrical ................ I year ....................... I year, Columbia University, 
Radio ....................................................... Summer of zd year a t  Navy 
Marine Engineering ................................. Schenectady, N. Y. 
leading to degree of M. S. 
Yard, N. Y. 
Sperry Gyroscope Co., Brook- 
lyn, N. Y. 
Civil Engineering ..... I year ...................... z years a t  Rensselaer Polytech- 
nic Institute, leading todegree 
of C. E. 
Sumqer work under direction 
of Bureau of Y. & D. 
The administration of these courses is governed by a council 
consisting of the Superintendent of the Naval Academy, the 
head of the Engineering Experiment Station, the heads of the 
academic departments of marine engineering and naval con- 
struction, ordnance and gunnery, electrical engineering and 
physics, mathematics and mechanics, a naval constructor, a 
civil engineer, and the head of the Post Graduate Department. 
The head of the Post Graduate Department is an officer of 
engineering experience. 
The staff of instructors at Annapolis is as follows: 
I 
H. A. Everett, Professor of Ma- 
rine Engineering. 
R. E. Root, Professor of Engi- 
neering, Mathematics and Me- 
chanics. 
L. A. Doggett, Professor of 
Electrical Engineering. 
J. G. Russell, Inatructor in Engi- 
neering Subjects. 
H. B. Lindsay, Instructor in 
Physics. 
H. E. Jenks, Instractor ............. 
I Per annum. 
S. B., Massachusetts Institute of $3,500 
S. B., Morningside College ........ 3,000 
M. S., State University of Iowa. 
Ph. D., University of Chicago. 
M. E. E., Harvard University. 
S. B., Massachusetts Institute of 
S. B., Worcester Polytechnic ..... 
S. B., Worcester Polytechnic ..... 
Technology. 





The courses in chemistry are conducted by Prof. of Mathe- 
matics Paul J. Dashiell, U. S. N., who has charge of the under- 
graduate work in chemistry. 
With the exception of Prof. Dashiell, none of the foregoing 
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has any duty in connection with the undergraduate work at the 
Naval Academy. 
Typical time schedules of the work at Annapolis are shown 
in Tables 11, 111 and IV. 
TABLB II.-ENGINBBRING-PIRST TERM. 
For Marine Electrical, Radio and Civil Engineers. 
I1 I 2  I 2 5 :30 I 0  
I I ,  
9 
Mon. T h e ~ ~ ~ ~ ~ ~ m ' (  Study. 1 M;tzz IGym.1 1 Marine design. engine 
Drafting room. 
Mathematics. 
Tues. Lecture A. Lecture B. Chemical laboratory. 
Study R. 1 Study A. 
Electrical 
laboratory. 
I !  1 Sat. 1 Study. l&[it$ai Laboratory reports. 
8 ,  - 
Assignment of Hours per Week to qubjects. 
Lectureor Labor- Prepara- 
exercise. atory. tion. 
Mathematics. ................................... 2 ... 6 
Mechanics.. ..................................... I ... 2 
Applied mechanics ........................... I ... 2 
Thermodynami ca 4 
Steam machinery ............................. I ... 2 
Marine engine design 34 
Engineering laboratory ..; 7 
Electricity 7 4 
Chemistry. ._ 4 ... 
Gymnasium 3 
Totals. IS+ 1 8 '  , . 21 
.............................. 2 ... 
...................... ... I 
............ ...... ... ... 
..................................... 2 
........... ........................ ... 
. .  .................................... ... ... - - - 
................................... 
NOTB:-For the 21 hours preparation per week, 6 hours are available in  
class rodm. 
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Sat. 1 M a ~ ~ ~ ~ ~ c a l  
TABL8 III.-POS'P-GRADUATE DBPARTMENT. 
NAVAL CONSTRUCTION. 
Spring Term. 
- 9  I 0  
Laboratory 
reports. 
l i  Engineering laboratory. 
Tues. lecture 
Mechanical 1 Study. 1 Electricity 1 lecture. lecture. 
Warship 




1 1  
Chemical 
Thurs lecture. Engineering laboratory. laboratory. 
Chemical 
laboratory. 




Warship design ................................ 
Electricity ...................................... 
Electric laboratory ........................... 
Enginaering laboratory ................... 
Gymnasium .................................... 





































Preparation hours in class ............................................ 
23-5 
7.5 
Home work ................................................................ 
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TABLE IV.-POST-GRADUATE DEPARTMENT. 
Schedule for Ordnance Group. 
First Tern. 
n 9 I 0  I I  I2 I 2 - 4:30 













I i - ~ _ _ _ _ _  
Mathematics. 
Mechanics. 
Optics. 1 GYm*i  1 Study, 
Metallography . Mathematics. 
Assignment of Hours per Week to Subjects. 
Mathematics ................................... 
Mechanics. ..................................... 


































Detailed descriptions of the courses at Annapolis and else- 
where are contained in the Catalogue of Curricula and Courses 
of Study, of which a limited number of copies are available to 
officers who are interested in post graduate training. 
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In this paper space permits only a general discussion of cer- 
tain features of the work. 
NATURE OF THE WORK. 
Someone has said that engineering is one part arithmetic 
and two parts common sense, and that of these the common 
sense is the more difficult to acquire. Naval post graduate 
education aims to develop this quaility of common sense in the 
student. He is taught to think logically and his judgment is 
trained. 
Some difficulty is experienced in weaning the students from 
the habits of memory study for marks, which they have ac- 
quired as midshipmen. Marks are not posted ; each sludent is 
permitted to see his own, but is not acquainted with those of 
his classmates. The men are encouraged to study for what 
they can get out of the subjects, rather than for marks. 
I t  will be noted from the time schedules (Tables 11, I11 and 
I V ) ,  that the forenoons are generally devoted to lectures, or 
more properly recitations, and the afternoons to drafting room 
or laboratory work, the division of time between theory and 
practical work being about even. 
There is scheduled about 55 hours work per week (lecture, 
laboratory and preparation). The home work required is 
about 15 hours per week,-the men average 20 hours, 
I t  has been found necessary to establish a control of the 
amount of preparation work assigned by the professors. This 
is sekured by means of weekly reports from the students, de- 
tailing the time spent in the preparation of each subject. The 
reports are anonymous, and are therefore frank. 
An important part of the course is the gymnasium work, to 
which there are assigned three peri0ds.a week, before luncheon. 
In each period there is 15 minutes of Swedish exercises, during 
which all muscles are flexed, followed by 45 minutes of hand 
ball. A hand-ball league has been organized with scheduled 
games for teams comprising all the students and instructors. 
Twenty-four players are accommodated at one time in the courts 
available. When the weather permits, tennis will replace hand 
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ball; for this there are 24 courts available. The purpose of 
this scheduled exercise is to maintain the physical health of the 
students and to teach them forms of exercise which they may 
take to sea. 
CHARACTER OF STUDENTS. 
Selection of officers for post graduate instruction is made 
by the Navy Department from applicants of best service rec- 
ord, on recommendation of the technical bureaus concerned. 
The present requirements of sea service since graduation f roni 
the Naval Academy are, for the naval constructors and civil 
engineers, two years; for all other groups, five years. 
The Naval Post Graduate student is unusual in the following 
respects : 
1st. He has, in many cases, been chosen for post graduate 
instruction because of aptitude in the practical application of 
the theory which he is subsequently to study. 
2d, He is ambitious and zealous. With very few exceptions 
he is disposed to work too much rather than too little. 
3d. His time as a student is more valuable than is that of 
his instructors. The shortage of officers in the Navy is such 
that when an officer is detached from a vessel for purposes o i  
post graduate instruction he leaves a vacancy which cannot be 
filled. While a student he receives the pay of his rank, which 
is about $2,400 per annum. 
Except in the cases of naval constructors and civil engineers, 
the services of the officers for post graduate instruction can be 
spared for a period of only two years. It has been necessary, 
therefore, in naval post graduate education, and particularly 
in that part of the course which is conducted here, to insist on 
high efficiency of instructioq. The professors and instructors 
are selected with care and( they are employed in sufficient 
number to permit individual instruction to the greatest possible 
extent. 
NUMBER O F  STUDENTS. 
Officers under instruction in the various courses in January, 
1916, are as follows: 
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At Annapolis: 
16 Marine engineers ; 
4 Electrical engineers ; 
1 Radio engineer; 
5 Ordnance men ; 
5 Naval constructors. 
A t  Columbia University: 
7 Marine engineers (design option) ; 
2 Marine engineers (shop practices option) ; 
,1 Metallographist. 
10 Electrical engineers ; 
At Massachusetts Institute of Technology: 
13 Naval constructors. 
At  Rensselaer Polytechizic Institute: 
3 Civil ‘engineers. 
At Steel Plants, Gun Factory, N w a l  Proving Ground, etc: 
9 Ordnance engineers. 
The number of naval cotlstruction and of civil engineering 
students is governed by the prospective vacancies in those corps. 
Of the trdnance, marine engineering, eIectricaI and radio 
groups, the numbers are determined by the requirements of the 
service, insofar as they can be met in view of the existing short- 
age of officers for duty on sdipboard. 
The Bureau of Steam Engineering’s statement of existing 
conditions in this respect is as follows : 
“The Navy, as constituted and organized on January 1, 
1916, required for efficient operation the following number of 
Post Graduate Engineer Officers below the grade of Com- 
mander : 
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Fleet. Squadron and Flotilla Engineers . . . . . . . . . . . . . . .  6 
Battleships. First Line (7)-Engineer. Assistant. Elec- 
trical .......................................... 21 
Battleships. Second Line (18)-Engineer. Assistant ..... 30 
Armored cruisers (5)-Engineer. Assistant ........... 10 
Cruisers (all classes) (13)--E ngineer Officer .......... 13 
Destroyers (38)-Engineer Officer . . . . . . . . . . . . . . . . . .  38 
Submarines (37) ................................. 20 
Inspectors and Assistant Inspectors of Machinery ....... 12 
Inspectors and Assistant Inspectors of Engineering 
Material ....................................... 6 
In connection with ships building .................... 11 
Navy Department ................................. 14 
Navy Yards and Stations .......................... 36 
Total ...................................... 223 
- 
“ There are fifty-six ( 5 6 )  post graduates in the service and 
two hundred and twenty-three (223) are needed excluding the 
requirements of the ships building.” 
